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During the 20th ccnhrry, NASA’s I\arth and space sci-
cocc program has focrrscd primarily on rcconnaissirncc and
inititil charactcrizalirrn  of the liarth and the solar system.
Single or dual spacccrafts  with mmplcx  cmnplcmcnts  of
instrrrmcnts hirve gathcrd functmcnkrl  in formirtit)n about
pkrnctary surfaces, atmrrsphcrcs, and the intcrplancttrry envi-
ronment.  Obscrvatimrs  of the ]hrrth from space have yielded
a wealth of dirts which has pushed the research fr[mticr be-
yond charactcri?.ation to the study of c(,inplcx pn,cesses. As
wc approach the 21st century, the fiscal cr)virtmmcnt,  our
tcchnologicir] capahilitics,  trnrf our relative maturity in terms
of undcrstarding  the Iiarth and the solar systcm all point to a
ncw pardigrn; onc that capitalizes on ncw tcchn(~logics  to
coablc frcqucut launches of low mass, lt)w’-c(Mt missions
addressing focused sets of scicncc questions. ‘l’he Ncw Mil -
lcnniurn Program (NMP) has been dcvck~pcd  hy NASA h)
crurblc this ncw paradigm by flight -clcll~[ ~rlstralillg, in a writs
of tcchrlology-driven missirsms, kcy tcchn[l]ogics to rcducc
costs and cnhancc the capisllil itics of future sc]r!ncc n]lss lous.
While these arc technology-rfrivcn, they will also bc requird
k) return va]uahlc scicncc dat~r

‘I”hc Ncw Millennium Progran~,  rnanagcd by the .fct l’rw
pulsiou 1.abrmtory for NASA, is a joint progrwn  hctwccn
NASA’s C) fficcs of Space Scicncc (Cmlc S) and h4ission  h)
Plmct  Ilarlh (Cmfc  Y). NMP will utilim rcvolutio[lisry ncw
technologies and architccturcs, sclcctwt from the existing
‘tcchno]ogy  pipeline’ of ongoing tcchtl(~l[lgy prog.ratns of
NASA, other go~’crnrncnl  agcncics, industry, nonprofil” [}r-
ganizatious, and acdcmia. Partnerships arc trcing f[mncd
w,ith these organizations to develop  and flight validate
fwcaklhrough tcchndogics. “1’hc  pcrccivcd risk in using key
cnahling technologies will hc reduced sufficiently through
NMI’ vdidtition  flights to facilittitc rapid incorporation int[)
future l~arth and space scicnct  n~issi{,ns.  “1’hcsc  technologies
wil I address mcthrds  for producing h)wcr rnms spacecraft
capahlc of krunchiug on lower cost ]auuch vchiclcs, and for
increasing spticccraft autonooly  to rwtucc opcrali{~us costs.
Advtinccs in n~icroclcctrooics and n~icr{~clcctrf) nlechanictil
systcrns (Mli Ms) tcchnol(~gics wi l l  hc cn~plt~ycd  to make
srnallcr, more capahlc instrwmcnts.  Advanced pr(~pulsior)
techniques will bc ulilizcd, all(~wing spticcc. raft k) reach their
dcstluatmns faster without lncrcas lug mass. ‘1’hc flight dcn-
onslration  of these kcy technologies by NMI’ will mtikc
ready the capabilities ncdd to coahlc frcqucrrt, afft)rdablc
and exciting Iiarth and spree scicncc nlissi(~ns in the 2 Ist
century.

In order to ensure that NMP will flight vdidatc  techu(~lo-
gies ncdd for Earth and space science missicms of the fw
turc, dcficicncics  in capahilitics  precluding the ilnplclncnt:i-
tion of high priority scicncc missinns were idcu(ificd. ‘1’hc
NLWV Millcnninm  Scicncc W o r k i n g  Group, consisting  of
Iiarth and space scientists from gmwrnmcnt  and ucadcrnia,
first dcvclopcd  a vision of scicrllific cxphmition  in the next

century. I:rmn this vision, they identified kcy capability
nctxls, that could then he translatcrt into areas of necdcrl
technology dcvclrspmcnt  and validation. Several specific
themes cmcrgcd from the vision- themes that involve two
mission approaches. in the first, a fleet of individual spacc-
crirft is nccdcct to cxpkrrc many diverse targets among the
planets, their satellites, and small bmtics in the solar systcm.
‘1’hc  sccood approach involves coordinated nctwcsrks of
spacccrirf[ to investigate dynamic, complex systems, such as
liarth’s atmosphere. A “virtual prescncc” will he cstablishcrf
thrt)ugh the combined usc of individual spacecraft, and net-
works or constcllatirrns of spacecraft, lILC qucstimrs raiscrf
by our initial reconnaissance of the solar system, combined
with our desire to understand how comrnrm Iiarth-tikc plan-
ets arc, require frequent, challenging missions to study the
solar system for knnwlcdgc  and k) better ondcrstarrd the p
tcntial for llarth-like planets around other stars. Arfvanccs in
modeling l~arlh systcm require incrcasiug spatial anrt tcnlpo-
ml rcsulution and sensitivity, while maintaining lrsug-term
calibrations and presenting backward compatibility with
current data sets.

‘1’o identify the highest priority technologies for flight
validation, mcmlwrs  of the technology and scicncc cornnlu-
nitics were asked h) prx)posc candidate technology couccpts
thirl w(mkl  address the kcy capubilitics rfcrivcct from the vi-
sion for l;tirth irnd space scicncc in the 2 1st ccutury dcscrihcd
above. Iiuch team n]ainta ills a tcchllt)logy rmdmap - a phased
tcchn(~k~gy dcvcl(}pnlcnt  plan nccdd tt~ achicvc the required
capahilitics.  Ilach team is rcsp{)nsitr]c  for identifying the
costs ass(~ciatecl w,ith wlvancing each technology  to the point
where it is ready for validation. ‘1’hc tcarns also facilitate the
final dcvclopmcnt phases of technologies selected for Ncw
h4illenniunl validation flights,

Series [~f candidate technology validation mission sets
arc dcvcl(~pcd that attempt to maximi~.c  the nurnhcr of tech -
ru~logics  validatd, while meeting the cc~st cap of the NM}’.
‘1’hesc missi(m sets arc evaluated (m the basis of their tcch-
n~}logy  richness, their contribution to cnahliug the visi[)n of
exploration in the 2 1st century, and their scicucc  vatuc.
l:rtm~ this cvaluati[~n,  two candida[c CICC p space technology
validati(m flights and one Ilarth-olhiting  flights have hccn
sclcctcd. ‘1’hc first deep space flight (I JS - 1 ) will test advanced
Im>pulsion  technologies and rniniaturimxt  instruments [ 1].
“1’hc  sccood deep space flight (IX-2) is a penetrtitor piggy-
back (m the Mars 9X mission [2]. l“hc first Iiarth technology
validati[~n rnissi(~n  ([10-1) u,ill validtitc advanced laud inl-
aging tc.chn{~lc~gic.s, At this tinw, carldiddtc missions for the
next three deep space missions and next l~arth rrrhiting n~is-
sit~ns irlc being evaluated. Candidak.  technologies fur space
scicncc include: sample return tcchnol[)gics, free-flying intcr-
fcr(mwtry, dcpl(lyah]c structures, acrohots, in situ lnicr(~in-
strurllcnts and rx~vcrs, aut{~nonmus (Jpcr atirrns, and adwrncd
pnlpulsi(lrl Cirpilhilitics


